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(57) ABSTRACT 

An improved ocean wave energy extraction system is dis 
closed. The system includes at least one duct for receiving an 
oscillating water column. The duct has a first segment, a 
second segment arranged transversely to the first segment and 
a flow control segment intermediate the first and second seg 
ments. The flow control segment is configured to inhibit 
turbulent flow of the oscillating water column flowing within 
the duct. A turbine is in fluid communication with the second 
segment of the duct such that the turbine is driven by the fluid 
flow which is generated by the oscillations of the oscillating 
water column within the duct. The turbine rotates an electric 
generator to thereby generate electrical energy. 
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OCEAN WAVE ENERGY EXTRACTION 

FIELD OF THE INVENTION 

0001. This invention relates to sustainable energy genera 
tion. More particularly, the present invention relates to 
improvements in ocean wave energy extraction and to sys 
tems and methods therefor. 

BACKGROUND TO THE INVENTION 

0002 Any discussion of the prior art throughout the speci 
fication should in no way be considered as an admission that 
Such prior art is widely known or forms part of common 
general knowledge in the field. 
0003 Environmental concerns and the awareness of the 
finite resources of traditional combustible hydrocarbon fuel 
Sources has lead to research into Sustainable non-polluting 
energy sources such as waves, wind, tidal, geothermal and 
Solar. 
0004 Numerous different types of wave power generation 
systems have been proposed. One system employs the basic 
principle of using the vertical motion inherent in the move 
ment of waves to effect a rotary movement of a turbine to 
drive directly or indirectly a generator to produce electricity. 
In Such systems, there is frequently reversing air flow condi 
tions present, caused by the oscillatory motion of the waves. 
A number of specially configured unidirectional turbines 
have been designed to allow the turbine to continue operating 
in response to such reversing air flow conditions. 
0005. However, many, if not all, of these prior systems 
operate at a relatively low efficiency due to losses in the 
system when converting the oscillatory motion of the waves 
into rotational mechanical energy. 
0006. In addition, many prior wave power generation sys 
tems are heavily reliant upon the direction of travel of the 
prevailing ocean wave. Furthermore, many existing wave 
power generation systems are moored to constantly face in 
one direction and therefore operate below optimum efficiency 
for long periods due to changes in wave direction arising from 
natural tidal changes. 
0007 Another disadvantage of many known wave power 
generation systems operating on the basic principle of using 
the vertical motion of waves to effect rotary movement of a 
turbine which in turn drives a generator to produce electricity 
is that these systems commonly rely on the principle of grav 
ity-induced resonant amplification to ensure efficiency of 
operation to attain the desired levels of power output. In such 
systems, it is necessary to convert the oscillatory motion of 
the water to an airflow. That is, many currently known sys 
tems typically require a hydraulic to pneumatic conversion 
process, further reducing the efficiency of the total energy 
conversion process. 
0008. In addition, many known wave power generation 
systems must be built to withstand the large and unpredictable 
forces to which they are subjected from ocean waves. To 
ensure the Sustainability of a system over its working life a 
level of redundancy is required to be built into the system. For 
example, ocean power generating systems are commonly 
required to withstand the forces associated with the large 
waves of “once in a hundred year storms”. The magnitude of 
the forces in these extreme cases is many times that of the 
forces arising in most storms and, as such, significant addi 
tional costs are necessarily incurred when manufacturing, 
installing and maintaining the system. It has been found that 
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these additional costs are often so high that they can render 
systems commercial unviable. 
0009 Systems built to withstand the most extreme forces 
are necessarily larger in size and, consequently, the visual 
appeal of these systems is reduced. The visual appeal or 
aesthetics of Sustainable energy systems such as ocean wave 
energy extraction systems is an important factor, not only for 
reducing the visual impact on the Surrounding environment, 
but also for gaining public acceptance of these alternative 
means of producing energy. 
0010. It is an object of the present invention to overcome 
orameliorate one or more of the disadvantages of the prior art, 
or at least provide a useful alternative. 

SUMMARY OF THE INVENTION 

0011. According to a first aspect of the invention, there is 
provided an ocean wave energy extraction system including: 
0012 at least one duct for receiving an oscillating water 
column, the duct having a first segment, a second segment 
arranged transversely to the first segment and a flow control 
segment intermediate the first and second segments, the flow 
control segment being configured to inhibit turbulent flow of 
the oscillating water column flowing within the duct; 
0013 a turbine in fluid communication with the second 
segment of the duct such that the turbine is driven by a fluid 
flow from the second segment, the fluid flow being generated 
by oscillations of the oscillating water column within the 
duct; and 
0014 an electric generator configured for rotation by the 
turbine to generate electrical energy. 
00.15 Preferably, the flow control segment is a curved 
segment. The flow control segment preferably has a constant 
radius of curvature. However, in certain embodiments the 
radius of curvature may vary. In other embodiments, the flow 
control segment can include a sloped portion or be otherwise 
configured to produce a smooth and gradual change in direc 
tion of the oscillating water column, thereby inhibiting the 
extent of turbulent flow within the duct. 
0016. The duct is preferably located in a body of water 
Such as an ocean, whereby the water column oscillates in 
response to the rise and fall of waves passing the duct. 
(0017. The fluid flow is preferably bi-directional. Prefer 
ably, the fluid associated with the fluid flow is one of a gas and 
a liquid. In certain embodiments, the fluid is air. In these 
embodiments, the turbine is preferably, but not necessarily, 
located above the mean surface level of the body of water in 
which the duct is located. In other embodiments, the fluid is 
water. In these embodiments, the turbine may be, for 
example, a water turbine which is preferably, but not neces 
sarily, submerged below the mean surface level of the body of 
water. Accordingly, it will be appreciated that the turbine may 
be driven directly or indirectly by the fluid flow associated 
with the oscillating water column. 
0018. The first segment, the second segment and the flow 
control segment of the duct may be integrally formed as a 
one-piece unit. Preferably, the duct is an L-shaped pipe. The 
duct is preferably configured Such that, in use, the first seg 
ment is arranged in a Substantially horizontal orientation and 
the second segment is arranged in a Substantially vertical 
orientation. 
0019. In certain preferred embodiments, the length of the 

first segment of the duct is greater than the length of the 
second segment of the duct. In other preferred forms, the 
length of the second segment is greater than the length of the 
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first segment. In yet further preferred embodiments, the first 
and second segments are substantially the same length. The 
length of the first segment of the duct is preferably determined 
by the formula, 

where L is the length of the first segment in metres, and T is 
the period of the waves of an ocean in seconds. In one pre 
ferred form, the length of the first segment is approximately 
25 m. Preferably, the length of the first segment of the duct is 
variable fortuning the duct to suit the period of the waves of 
an ocean. In various embodiments, the first segment of the 
duct has a telescopic configuration for varying the length of 
the first segment. The telescopic configuration of the first 
segment may include a plurality of portions, such as tubes, 
arranged to facilitate relative sliding movement of the tubes. 
Each pair of telescopic segments may have a locking means to 
lock the tubes relative to one another to set the desired length 
of the first segment of the duct. In other preferred forms, the 
length of the second segment can be similarly adjustable. 
0020 Preferably, the duct has a constant inner cross-sec 
tional area. The inner cross-sectional area is preferably cir 
cular. In other embodiments, the inner cross-sectional area 
may be square or rectangular. It will be appreciated that the 
inner cross-sectional area of the duct may be any suitable 
shape, including irregular shapes and may vary in size and 
shape along the length of the ductor segment. In one preferred 
form, the inner cross-sectional area has a diameter of approxi 
mately 10 m. 
0021 Preferably, the turbine operates unidirectionally in 
response to the bi-directional fluid flow. The turbine may be 
an air-driven turbine or a water-driven turbine. 
0022. The ocean wave energy extraction system may 
include a mooring system for mooring the duct in a desired 
location. The mooring system is preferably one of a fixed 
mooring system, a floating-mooring system, a tensioned 
mooring system and a slack-mooring system. 
0023 The ocean wave energy extraction system may 
include a buoyancy element for facilitating floatation of the or 
each duct. Preferably, the buoyancy element is laterally 
mounted to the duct. The buoyancy element may be laterally 
mounted to one or both sides of the or each duct. More 
preferably, the buoyancy element may be laterally mounted 
on one or both sides of the second segment of the duct. 
0024. The ocean wave energy extraction system may 
include a plurality of ducts, each duct being configured to 
receive an associated oscillating water column. Each of the 
plurality of ducts may be arranged to face in the same direc 
tion relative to the prevailing ocean wave. Alternatively, each 
duct of the plurality of ducts may be arranged to face a 
different direction relative to each other and thus relative to 
the prevailing ocean wave. The ocean wave energy extraction 
system may include two ducts arranged at 180 degrees to each 
other Such that one duct faces the prevailing ocean wave and 
the other duct faces away from the ocean wave. The plurality 
of ducts may be arranged along a common axis. Alternatively, 
the plurality of ducts may be arranged about a common axis. 
Preferably, the plurality of ducts are arranged to form one of 
a linear array and a polar array. In some preferred embodi 
ments, the plurality of ducts includes groups of ducts, 
whereby two or more groups are arranged to form the array of 
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ducts. In certain embodiments, each group of ducts has the 
same formation. In other preferred forms, at least one group 
of ducts has a different formation to one or more of the other 
groups. Preferably, the ducts of each group are arranged to be 
one of along or about a common axis. 
0025. In one particularly preferred form, each duct is 
rotated relative to an axis which extends transversely to the 
common axis along or about which the ducts are arranged. 
For example, each duct could be rotated by an angle “C.” of for 
example, approximately 15 degrees relative to the common 
axis. It will of course be appreciated that the angle “C. is not 
limited to any particular angle and can be selected to Suit the 
particular wave climate of the location where the system is to 
be installed. In certain embodiments, a first group of ducts are 
rotated to extend at a first angle relative to the common axis 
and a second group of ducts are rotated to extend at a second 
angle relative to the common axis. In one preferred form, the 
first group of ducts are rotated to extend at an angle of 
approximately 15 degrees to the common axis and the second 
group of ducts are rotated to extend at an angle of approxi 
mately minus 15 degrees to the common axis. 
0026. The ocean wave energy extraction system is prefer 
ably configured Such that an open end (or inlet) of each duct 
is substantially at the same depth below the mean surface 
level of the body of water in which the system is located, in 
US 

0027 Preferably, a separate turbine is mounted to each 
duct of the plurality of ducts such that each turbine is inde 
pendently driven by the oscillating water column of the asso 
ciated duct. 

0028. According to a second aspect of the invention, there 
is provided a wave amplitude magnification device for an 
ocean wave energy extraction system, the device including: 
0029 a plurality of ducts for magnifying an amplitude of 
an ocean wave, the plurality of ducts being arranged about a 
common axis, each duct extending transversely from the 
common axis and configured to receive an oscillating water 
column Such that oscillation of each water column produces a 
corresponding fluid flow for driving a turbine. 
0030 Each fluid flow produced by the water column may 
be a liquid flow Such as a water flow, or a gas flow Such as an 
airflow. Each fluid flow is preferably bi-directional. 
0031. In one preferred form, the wave amplitude magnifi 
cation device has two ducts arranged about the common axis 
Such that an efficiency of the ocean wave energy extraction 
system is largely independent of the direction of travel of an 
OCal WaV. 

0032. In another particularly preferred form, the wave 
amplitude magnification device preferably has three ducts 
arranged about the common axis such that an efficiency of the 
ocean wave energy extraction system is largely independent 
of the direction of travel of an ocean wave. Preferably, the 
three ducts are equally spaced about the common axis at about 
120 degrees relative to each other. It will of course be appre 
ciated by those skilled in the art that the number of ducts is not 
limited to either two or three but may be any suitable number 
suitable for reducing the effect of wave direction on system 
performance. 
0033 Each bi-directional fluid flow may be used to drive 
the same turbine. Alternatively, each fluid flow may drive a 
separate independent turbine. Preferably, the or each turbine 
rotates unidirectionally in response to the bi-directional fluid 
flows. 
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0034 Preferably, the turbine includes a rotor comprising: 
0035 a central hub; and 
0036 a plurality of straight radially extending aerofoil 
sectioned blades each connected with the hub, a cross-section 
of each of the blades being approximately symmetrical about 
a line defining the maximum camber height and generally 
constant along its radially extending length, 
0037 wherein the approximately symmetrical shape of 
the blades and their orientation in relation to the hub facili 
tates unidirectional rotation of the rotor in response to revers 
ing axial fluid flows therethrough. 
0038. Each duct preferably has a first segment, a second 
segment arranged transversely to the first segment and a flow 
control segment intermediate the first and second segments, 
the flow control segment being configured to inhibit turbulent 
flow of the oscillating water column flowing within the duct. 
Preferably, each first segment is a substantially horizontal 
segment with an open end (or inlet) facing away from the 
common axis. Preferably, the plurality of ducts are configured 
such that the open end (or inlet) of each duct is substantially 
at the same depth below the mean surface level of the body of 
water in which the system is located, in use. 
0039. According to a third aspect of the invention, there is 
provided an oscillating water column receiving duct for an 
ocean wave energy extraction system, the duct including: 
0040 a first segment; 
0041 a second segment arranged transversely to the first 
segment; and 
0042 a flow control segment intermediate the first and 
second segments, the flow control segment being arranged to 
allow fluid communication between the first and second seg 
ments and configured to inhibit turbulent fluid flow within the 
duct. 
0043. According to a fourth aspect of the invention, there 

is provided an ocean wave energy extraction system includ 
1ng: 
0044 at least one duct submerged below the mean surface 
level of a body of water, the at least one duct receiving a water 
column which oscillates within the duct in response to a 
pressure differential caused by the rise and fall of waves 
passing the at least one duct; and 
0045 an energy conversion unit in fluid communication 
with the at least one duct for hydraulically converting energy 
in the oscillating water column into electrical energy. 
0046. In this aspect of the invention, the at least one duct is 
fully submerged so that the entire duct, including both ends of 
the duct and an operatively upper Surface of the duct, lie 
completely below the mean surface level of the body of water. 
0047. The duct of the fourth aspect of the invention may be 
straight, L-shaped, U-shaped or any other Suitable shape for 
being submerged below the mean surface level of the body of 
Water. 

0048. The energy conversion unit preferably includes a 
turbine in hydraulic communication with the oscillating 
water column, the turbine being hydraulically driven by the 
oscillating water column; and an electric generator config 
ured for rotation by the hydraulically driven turbine to gen 
erate the electrical energy. 
0049. Preferably, the turbine is a water turbine. The water 
turbine is preferably configured to operate unidirectionally in 
response to the bi-directional flow of the oscillating water 
column. In various embodiments, the water turbine is selected 
from the group including Denniss-Auld, Wells, Setoguchi, 
Darrieus and Gorlov turbines. However, it will be appreciated 
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by those skilled in the art that the type of turbine used is not 
limited to those listed here and that any other suitable turbine 
can be used. 
0050. In certain embodiments, the turbine is arranged such 
that its axis of rotation is transverse to a longitudinal axis of 
the duct. In other embodiments, the turbine is arranged Such 
that its axis of rotation is substantially parallel to the longi 
tudinal axis of the duct. In some embodiments, the axis of 
rotation of the turbine is coaxial with the duct. 
0051. In some embodiments, the duct rests on the floor of 
the body of water. In other embodiments, the duct is prefer 
ably held in a desired position and orientation in the body of 
water by a mooring system. The mooring system may hold the 
duct at a predetermined height above the floor of the body of 
Water. 

0.052 To maintain the duct substantially at the predeter 
mined height, the mooring system may include a buoyancy 
element for facilitating floatation of the duct. 
0053 Preferably, the submerged duct is arranged in a sub 
stantially horizontal orientation. 
0054) The length of the duct is preferably related to the 
period (and, therefore, wavelength) of waves in the body of 
water. In certain preferred forms, the length of the duct is in 
the range of about 25% to 45%, more preferably approxi 
mately 37%, of the wavelength of the prevailing waves. 
0055. In some preferred embodiments, the length of the 
duct is variable for tuning the duct to suit the period of the 
waves, and to allow for changes to the period of the prevailing 
wave over time. In various embodiments, the duct has a tele 
scopic configuration for varying the length of the duct. The 
telescopic configuration of the duct may include a plurality of 
discrete portions, such as tubes, arranged to facilitate relative 
sliding movement of the tubes to vary the length of the duct. 
Each pair of telescopic segments preferably has an associated 
locking means to lock the tubes relative to one another to set 
the desired length of the duct. 
0056 Preferably, the duct has a constant inner cross-sec 
tional area. In some preferred embodiments, the inner cross 
sectional area may be square or rectangular. In other embodi 
ments, the inner cross-sectional area is circular. It will be 
appreciated that the inner cross-sectional area of the duct may 
be any suitable shape, including irregular shapes. In some 
embodiments, the cross-sectional area of the duct varies 
along the length of the duct or along one or more sections of 
the duct. 
0057. In various preferred embodiments, the ocean wave 
energy extraction system includes two or more ducts arranged 
to form an array of ducts, each duct in the array being 
arranged to receive an associated oscillating water column. 
The two or more ducts are preferably arranged to face in the 
same direction relative to the prevailing ocean wave. In some 
preferred embodiments, the two or more ducts are arranged in 
side-by-side relation. However, in certain embodiments it is 
advantageous to have an array of ducts in which the two or 
more ducts are oriented in different directions relative to each 
other and thus relative to the prevailing ocean wave. In certain 
embodiments, the ducts can be aligned transversely to each 
other. In one preferred form, the two or more ducts are sub 
stantially perpendicular to each other. 
0058. In certain embodiments, each duct in the array of 
ducts has substantially the same length as the other ducts. In 
other preferred forms, the array of ducts can include ducts of 
different lengths to account for waves of different wave 
lengths. 
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0059. In some embodiments, the array of ducts is config 
ured Such that each of the associated oscillating water col 
umns drive a single turbine. In other embodiments, each 
oscillating water column, or a group of oscillating water 
columns, from the respective duct, or group of ducts, drives an 
associated turbine. In other embodiments, the array of ducts 
can be formed of discrete groups of ducts, whereby each 
group has an associated turbine which the group is configured 
to drive. 
0060 Preferably, the system includes a support frame for 
holding the ducts in relative spaced relation to each other. 
0061 According to a fifth aspect of the invention, there is 
provided a method of extracting energy from an ocean wave, 
the method including: 
0062 placing at least one duct into a body of water such 
that the duct receives a column of water, the water column 
oscillating within the duct in response to a pressure differen 
tial caused by the rise and fall of waves passing the at least one 
duct; and 
0063 hydraulically converting the energy in the oscillat 
ing water column into electrical energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.064 Preferred embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings in which:- 
0065 FIG. 1 is a schematic view of an embodiment of an 
ocean wave energy extraction system according to the inven 
tion: 
0.066 FIG. 2 is a side view of an embodiment of a tele 
scopic segment of a duct for the present ocean wave energy 
extraction system; 
0067 FIG.3 is a plan view of an embodiment of a plurality 
of ducts arranged about a common axis; 
0068 FIG. 4 is a schematic view of another embodiment 
of an ocean wave energy extraction system according to the 
invention; 
0069 FIG. 5 is a schematic view of another embodiment 
of an ocean wave energy extraction system according to the 
invention; 
0070 FIG. 6 is a perspective view of an array of ducts 
arranged substantially perpendicular to each other, 
(0071 FIG. 7 is a perspective view of a furtherembodiment 
of an ocean wave energy extraction system according to the 
invention; 
0072 FIG. 8 is a top plan view of the ocean wave energy 
extraction system of FIG. 7: 
0073 FIG. 9 is a left side view of the ocean wave energy 
extraction system of FIG. 7; and 
0074 FIG. 10 is an end view of the ocean wave energy 
extraction system of FIG. 7. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0075 Referring to the drawings, an ocean wave energy 
extraction system 1 is located in a body of water Such as an 
ocean 2. The ocean wave energy extraction system 1 includes 
a duct 3 for receiving ocean water to form a water column 4. 
As will be described in greater detail below, the water column 
4 oscillates within the duct 3 in response to the rise and fall of 
ocean waves moving past the ocean wave energy extraction 
system 1. 
0076. The duct3 has a first segment 5, a second segment 6 
arranged transversely to the first segment and a flow control 
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segment 7 intermediate the first and second segments. As 
shown in FIG. 1, the duct 3 is substantially L-shaped and 
constructed Such that the first segment 5, the second segment 
6 and the flow control segment 7 form a one-piece unit. Each 
segment of the duct 3 is open at its ends to form a continuous 
through-bore along the duct. In the embodiment illustrated in 
the drawings, the bore of the duct has a circular cross-sec 
tional area. However, it will of course be appreciated that in 
other embodiments the cross-section may be any Suitable 
shape, and may be a constant or varying area. 
0077. The duct 3 amplifies the amplitude of each ocean 
wave passing the ocean wave energy extraction system 1 Such 
that the amplitude of the oscillations of the oscillating water 
column 4 within the duct is greater than the amplitude of the 
passing ocean Waves. 
0078. The length Lofthe first segment 5 of the duct3 has 
more influence on the performance of the system 1 than the 
length L of the second segment 6. In particular, the length L 
of the first segment 5 influences the extent to which the 
amplitude of the ocean waves is amplified by the duct 3. It is 
preferable that the length L of the first segment 5 of the duct 
is greater than the length L of the second segment 6 of the 
duct. 
(0079. It has been found that the level of amplification 
produced by the duct3 is advantageous when the length of the 
first segment 5 is related to the period of the ocean waves by 
the formula, 

where L is the length of the first segment in metres, and T is 
the period of the ocean waves in seconds. For example, for a 
wave period of 10 seconds, the preferred length L of the first 
segment 5 of the duct 3 is approximately 25 m. 
0080. The flow control segment 7 is curved in a manner to 
inhibit turbulent flow of the oscillating water column 4 flow 
ing within the duct 3. In particular, the curve of the flow 
control segment 7 is configured to provide a smooth and 
gradual change in direction as the water flows from the first 
segment 5 to the second segment 6. This gradual change in 
direction reduces the amount of turbulent flow in the oscillat 
ing water column 4 as the column flows through the duct. It 
will be appreciated that there will still be a degree of turbulent 
flow as the water column 4 moves through the duct 3 from the 
first segment 5 to the second segment 6 via the curved flow 
control segment 7, and vice versa. However, the flow control 
segment 7 reduces the level of turbulent flow through the duct 
3 to Such an extent that there is a positive impact on the 
amplification of the amplitude of the ocean waves, as dem 
onstrated by the increase in the oscillations of the water 
column within the duct. It will be appreciated that this reduc 
tion in turbulent flow leads to a corresponding increase in the 
overall efficiency of energy conversion by the system 1. 
0081. In the embodiment illustrated in FIG. 1, the oscil 
lating water column 4 does not fill the entire duct 3 and 
therefore does not extend to the end of the second segment 6 
of the duct. Accordingly, as most clearly shown in FIG. 1, the 
second segment 6 defines an air, chamber 8 located above the 
oscillating water column 4. As an ocean wave rises, there is a 
corresponding upward oscillation of the oscillating water 
column 4 within the duct3. This upward oscillation forces the 
volume of air from the air chamber 8 of the second segment 6 
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of the duct 3 to create an upward airflow. This upward airflow 
is indicated in FIG. 1 by arrow 9. Similarly, a downward 
airflow is generated in response to a downward oscillation of 
the water column 4 as an ocean wave falls. 
0082 It will, however, be appreciated that in other forms, 
the oscillating water column fills the second segment Such 
that the turbine is directly driven by the water flow. In such 
embodiments, an outputline may connect the second segment 
of the duct to the turbine. 
0083) Returning to FIG. 1, a unidirectional turbine 10 is 
arranged above the second segment 6 of the duct 3 to be in 
fluid communication with the second segment 6. The turbine 
10 is driven or rotated by the upward and downward airflows. 
Although the airflow is bi-directional due to the rise and fall 
of the ocean waves, the turbine 10 is configured to rotate 
unidirectionally in response to the bi-directional airflow. 
0084 An electric generator 11 is coupled to the turbine 10 
Such that rotation of the turbine causes a corresponding rota 
tion of the generator. The generator is used to generate elec 
trical energy. 
0085. In use, the first segment 5 of the duct3 is submerged 
in the ocean 2 in a Substantially horizontal orientation as 
shown in FIG. 1. The length L of the second segment 6 is 
greater than the depth D at which the first segment is sub 
merged below the Surface of the ocean. As such, the second 
segment 6 extends through and stands proud of the Surface of 
the ocean to facilitate mounting of the turbine 10 and genera 
tor 11. 

I0086) Referring to FIG. 2, it will be appreciated that the 
period of ocean waves is not constant, but varies from wave to 
wave and over time the average wave period of a region may 
also vary. To account for Such variations, in certain embodi 
ments the first segment 5 of the duct 3 is configured to be 
telescopic such that the length L is variable to enable the duct 
3 to be tuned to suit the period T of the prevailing ocean 
waves. The telescopic segment 5 shown in FIG. 2 includes a 
number of tubes 12 fitted within each other to enable relative 
sliding movement between the tubes 12. A locking means 13 
is provided to lock the tubes relative to one another to set the 
desired length of the first segment 5 of the duct 3. 
I0087. Referring to FIG. 3, an embodiment of a wave 
amplitude magnification device 14 for an ocean wave energy 
extraction system 1 is shown. The wave amplitude magnifi 
cation device 14 includes three ducts 3 for magnifying the 
amplitude of ocean waves. The ducts 3 are arranged about a 
common axis X-X at about 120 degrees relative to each other 
Such that the efficiency of the ocean wave energy extraction 
system 1 is largely independent of the direction of the pre 
Vailing ocean waves. 
0088. Each duct3 is configured to independently receive a 
Volume of ocean water to forman oscillating water column 4. 
Each water column 4 produces a corresponding bi-directional 
airflow for driving a turbine 10 of the ocean wave energy 
extraction system 1. 
I0089. In the embodiment of FIG. 3, the wave amplitude 
magnification device 14 will produce three airflows of vary 
ing strength. The three airflows are directed to drive the same 
turbine 10. It will be appreciated that as the direction of travel 
of the ocean waves changes, the dominant airflow will change 
accordingly. That is, for a certain wave direction, one of the 
three ducts 3 will provide the dominant airflow for driving the 
turbine 10. The other two ducts 3 will also produce an airflow 
for driving the turbine, but these airflows will not drive the 
turbine to the extent at which the dominant airflow does. 
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However, it will be appreciated that the combination of the 
three airflows increases the work done on the turbine and 
results in a corresponding increase in the amount of electrical 
energy produced by the generator. As the wave direction 
changes, the airflow from the ducts will also change such that 
a different duct 3 will produce the dominant airflow. 
(0090 Referring now to FIGS. 4,5 and 6, there is illustrated 
another embodiment of an ocean wave energy extraction 
system 100 according to the invention. The system 100 is 
again located in a body of water Such as an ocean 102 and 
includes a duct 103 for receiving ocean water to form a water 
column 104. The duct 103 is entirely submerged below the 
mean surface level of the ocean 102. 
0091. The water column 104 oscillates within the sub 
merged duct 103 in response to a pressure differential caused 
by the rise and fall of ocean waves moving past the ocean 
wave energy extraction system 100, more particularly, mov 
ing along the length of the duct 103. It will be appreciated that 
the pressure differential is a result of variations in the head of 
water along the length of the duct. 
0092. It has been found that, in order to achieve advanta 
geous energy conversion and power output from the ocean 
wave energy extraction system 100, the length of the duct 103 
should be approximately 37% of the wavelength of the pre 
vailing ocean waves. However, the duct 103 is not limited to 
this preferred duct length to wavelength relationship and, it 
will be appreciated, that the length of the duct 103 will be 
determined to Suit the particular conditions and location in 
which the ocean wave energy extraction system 100 is to be 
installed. 
(0093. In the embodiment of FIG. 4, the submerged duct 
103 rests in a substantially horizontal position on the floor 105 
of the ocean 102. In other embodiments, such as that shown in 
FIG. 5, a mooring system 106 is used to hold the submerged 
duct 103 in a substantially horizontal position at a predeter 
mined height H above the ocean floor 105. 
0094. It is to be appreciated that, although the duct 103 is 
entirely submerged below the mean surface level of the ocean 
102, it is possible that there will be instances in which unusu 
ally large waves result in the water level falling to such an 
extent that the upper portion of the duct 103 is not submerged 
for a portion of time. This has the effect of producing an air 
passage and/or air pockets within the duct 103. However, it 
has been found that the system 100 continues to operate in 
Such circumstances, albeit at a reduced efficiency and lower 
output. Once the normal wave conditions return, the effi 
ciency and output of the system 100 will also return to normal. 
This is a particularly advantageous characteristic of the 
present ocean wave energy extraction system 100. 
0.095 An energy conversion unit 107 having a water tur 
bine 108 and an electric generator 109 is in fluid communi 
cation with the submerged duct 103. 
(0096. The water turbine 108 is arranged to be in hydraulic 
communication with the duct 103 such that the turbine 108 is 
hydraulically driven by the oscillating water column 104. In 
the embodiments of FIG. 4 and FIG. 5, the water turbine 108 
is aligned with the duct 103 so that its axis of rotation is 
coaxial with the longitudinal axis of the duct 103. However, it 
will be appreciated that the turbine 108 need not be coaxial 
with the duct. For example, other types of water turbines in 
which the axis of rotation is transverse to the longitudinal axis 
of the duct can also be used. 
(0097. The water turbine 108 is configured to rotate unidi 
rectionally in response to the reversing or bi-directional flows 
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of the oscillating water column 104. It will be appreciated by 
those skilled in the art that the unidirectional characteristic of 
the turbine 108 enhances the efficiency of the ocean wave 
energy extraction system 100. 
0098. The electric generator 109 of the energy conversion 
unit 107 is driven by the water turbine 108. The electric 
generator 109 is coupled to the water turbine 108 by a shaft 
110 such that rotation of the turbine 108 causes a correspond 
ing rotation of the generator 109. The generator 109 is used to 
generate electrical energy for Supply to an electrical grid. 
0099. In the embodiment of FIG. 4, the electrical genera 
tor 109 is inline or coaxial with the water turbine 108 such that 
the duct 103, the water turbine 108 and generator 109 are 
entirely submerged below the surface of the ocean 102. 
0100. In certain applications of the ocean wave energy 
extraction system 100 such as the embodiment of FIG. 5, it is 
beneficial to have the electrical generator 109 arranged above 
the surface of the ocean 102. This can be readily achieved by 
a suitable mechanical coupling 111 between the turbine 108 
and the generator 109. In this embodiment, the water turbine 
108 and generator 109 are again entirely submerged below 
the surface of the ocean 102. 
0101 Referring now to FIG. 6, an array 112 of ducts 103 

is shown. Each duct 103 in the array112 is arranged to receive 
an associated oscillating water column 104. The oscillations 
of each water column 104 are then used to drive the water 
turbine 108 of the ocean wave energy extraction system 100. 
It will be appreciated by those skilled in the art that, the use of 
a plurality of smaller ducts 103 to forman array 112 of ducts 
is advantageous when installing the system, as handling of the 
individual ducts is relatively easier. It will also be appreciated 
that ducts of different lengths could also be used to form the 
array. 
0102 Those skilled in the art will appreciate that, by sub 
merging the duct 103 below the surface of the ocean 102, the 
duct 103 will not be subjected to the large and unpredictable 
dynamic forces arising when ocean waves crash into the 
system. Thus, the level of redundancy required to be built into 
the system to ensure the sustainability of the system over its 
working life is dramatically reduced. Consequently, costs 
associated with the system are significantly decreased and the 
commercial viability of the system is increased. 
(0103 Referring now to the embodiment shown in FIGS. 7 
to 10, the illustrated ocean wave energy extraction system 201 
is located in a body of water such as an ocean 202. The system 
201 includes an array of eight L-shaped ducts 203. Each duct 
203 has a first generally horizontal segment 205 and a second 
generally vertical segment 206 extending transversely from 
the first segment, to form the L-shape. A flow control segment 
in the form of a sloped portion 207 is arranged at the junction 
of each duct to reduce or inhibit turbulent flow within the 
associated duct. 
0104. The first segment 205 of each duct 203 has an open 
end or inlet 208 for receiving water from the body of water, in 
use. With reference to FIGS. 9 and 10, it can be seen that the 
array of ducts 203 is configured such that the inlet 208 of each 
duct 203 is submerged substantially at the same depth below 
the mean surface level of the body of water. The water 
received by each duct 203 forms an oscillating water column 
which drives a separate turbine 216, associated with each 
duct. 
0105. Each duct 203 has a buoyancy element for facilitat 
ing floatation of the system 201 at a predetermined depth 
relative to the mean surface level of the body of water. Each 
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buoyancy element is formed of a left buoyancy module 209 
and a right buoyancy module 210 which are laterally arranged 
on the respective left and right outer sidewalls of the associ 
ated second segment. With reference to FIG. 8, it can be seen 
that the buoyancy modules are in the form of wedge-shaped 
structures so as to aid assembly of the system. 
0106. As is most clearly shown in FIGS. 7 and 9, the ducts 
203 are held in relative spaced relation by a support frame 
structure. The support frame includes two outer brace frames 
211, 212 and an inner intermediate brace frame 213. 
0107 The system 201 includes a first group 214 and a 
second group 215 of ducts 203. The first group 214 is 
arranged along a common axis I-I which extends between, 
and substantially parallel to, the left outer brace member 211 
and the inner brace member 213. As is most clearly shown in 
FIG. 8, each duct is oriented at an angle “C.” of approximately 
15 degrees from the common axis I-I. The second group 215 
of ducts is arranged along a common axis II-II which extends 
between, and Substantially parallel to, the inner brace mem 
ber 213 and the right outer brace member 212. The ducts in 
the second group 215 are oriented at an angle of approxi 
mately minus 15 degrees from the common axis II-II. Such 
that the inlet of the ducts of the second group faces in a 
different direction to the inlet of the ducts of the first group, 
and thus in a different direction relative to the prevailing 
ocean wave. It will be appreciated by those skilled in the art 
that the effect which wave direction has on the overall effi 
ciency of the system will be reduced by having an array of 
ducts in which the inlet to certain ducts faces in a different 
direction relative to the inlet of other ducts in the array. It will 
be further appreciated that the actual angle at which the ducts 
203 are rotated relative to the common axis is not limited to 
plus/minus 15 degrees, but will be determined to best suit the 
local wave climate conditions. 
0108. Accordingly, it is an advantage of at least a preferred 
embodiment of the invention to provide an ocean wave energy 
extraction system in which the level of turbulent flow is 
reduced such that the system is more efficient at generating 
electricity. 
0109. It is another advantage of at least a preferred 
embodiment of the invention to provide a wave amplification 
magnification device for an ocean wave energy extraction 
system which reduces the effect of wave direction on system 
efficiency. 
0110. It is a further advantage of at least a preferred 
embodiment of the invention to provide an ocean wave energy 
extraction system in which one or more of the main compo 
nents of the system is/are entirely submerged below the sur 
face of the ocean Such that these components are largely 
protected from the relatively large, inconsistent and unpre 
dictable dynamic forces associated with the prevailing ocean 
waves. Advantageously, the Submerged duct and other ele 
ments of the system require less reinforcement as they are not 
required to withstand forces which are known to occur only in 
extremely rare storms, thus Substantially reducing the manu 
facturing, installation and on-going maintenance costs of the 
system. 
0111. It is yet a further advantage of at least a preferred 
embodiment of the present invention to provide an ocean 
wave energy extraction system which uses a hydraulic con 
version process to efficiently and effectively convert energy 
in an oscillating water column into electrical energy. 
0112. It is yet stillafurther advantage of at least a preferred 
embodiment of the present invention to provide an ocean 
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wave energy extraction system which reduces the visual 
impact on the Surrounding environment. 
0113 Although the invention has been described with ref 
erence to specific examples it will be appreciated by those 
skilled in the art that the invention may be embodied in many 
other forms. 

1.-86. (canceled) 
87. An ocean wave energy extraction system including: at 

least one duct for receiving an oscillating water column, the 
duct having a first segment, a second segment arranged trans 
versely to the first segment and a flow control segment inter 
mediate the first and second segments, the flow control seg 
ment being configured to inhibit turbulent flow of the 
oscillating water column flowing within the duct; a turbine in 
fluid communication with the second segment of the duct 
such that the turbine is driven by a fluid flow from the second 
segment, the fluid flow being generated by oscillations of the 
oscillating water column within the duct; and an electric 
generator configured for rotation by the turbine to generate 
electrical energy. 

88. An ocean wave energy extraction system according to 
claim 87 including a plurality of ducts, each duct being con 
figured to receive an associated oscillating water column. 

89. An ocean wave energy extraction system according to 
claim 88 wherein each duct of the plurality of ducts is 
arranged to face a different direction relative to each other. 

90. An ocean wave energy extraction system according to 
claim 88 wherein the plurality of ducts are arranged along a 
common axis. 

91. An ocean wave energy extraction system according to 
claim 90 wherein the plurality of ducts are arranged to form 
one of a linear array and a polar array. 

92. A wave amplitude magnification device for an ocean 
wave energy extraction system, the device including: a plu 
rality of ducts for magnifying an amplitude of an ocean wave, 
the plurality of ducts being arranged about a common axis, 
each duct extending transversely from the common axis and 
configured to receive an oscillating water column Such that 
oscillation of each water column produces a corresponding 
fluid flow for driving a turbine. 

93. A wave amplitude magnification device according to 
claim 92 having two ducts arranged about the common axis 
Such that an efficiency of the ocean wave energy extraction 
system is largely independent of the direction of travel of an 
OCal WaV. 

94. A wave amplitude magnification device according to 
claim 92 having three ducts arranged about the common axis 
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Such that an efficiency of the ocean wave energy extraction 
system is largely independent of the direction of travel of an 
OCal WaV. 

95. A wave amplitude magnification device according to 
claim 94 wherein the three ducts are equally spaced about the 
common axis at about 120 degrees relative to each other. 

96. A wave amplitude magnification device according to 
claim 92 wherein the corresponding fluid flow is a bi-direc 
tion fluid flow and each bi-directional fluid flow is used to 
drive the same turbine. 

97. An ocean wave energy extraction system including: at 
least one duct submerged below the mean surface level of a 
body of water, the at least one duct receiving a water column 
which oscillates within the duct in response to a pressure 
differential caused by the rise and fall of waves passing the at 
least one duct; and an energy conversion unit in fluid com 
munication with the at least one duct for hydraulically con 
Verting energy in the oscillating water column into electrical 
energy. 

98. An ocean wave energy extraction system according to 
claim 93 wherein the duct is one of straight and L-shaped. 

99. An ocean wave energy extraction system according to 
claim 97 wherein the energy conversion unit includes a tur 
bine in hydraulic communication with the oscillating water 
column, the turbine being hydraulically driven by the oscil 
lating water column; and an electric generator configured for 
rotation by the hydraulically driven turbine to generate the 
electrical energy. 

100. An ocean wave energy extraction system according to 
claim 99 wherein the turbine is a water turbine. 

101. An ocean wave energy extraction system according to 
claim 100 wherein the water turbine is configured to operate 
unidirectionally in response to the bi-directional flow of the 
oscillating water column. 

102. An ocean wave energy extraction system according to 
claim 100 wherein the water turbine is selected from the 
group including Denniss-Auld, Wells, Setoguchi, Darrieus 
and Gorlov turbines. 

103. A method of extracting energy from an ocean wave, 
the method including: placing at least one duct into a body of 
water such that the duct receives a column of water, the water 
column oscillating within the duct in response to a pressure 
differential caused by the rise and fall of waves passing the at 
least one duct; and hydraulically converting the energy in the 
oscillating water column into electrical energy. 

104. A method according to claim 103 including submerg 
ing the at least one duct in the body of water such that the duct 
is entirely below the mean surface level of the body of water. 
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